After gas plasma treatment with oxygen for 1 min or argon for 2 min at a power of 30 watts, scanning electron microscopy (SEM) showed changes in the surface topography of carbon fibers. Microbond tests showed improvement of the interfacial shear strength (IFSS) between AS4 carbon fibers and bisphenol A based (DGEBA) epoxy resin.
Introductlon
Good fiber-matrix interfacial adhesion is necessary to produce composites with acceptable mechanical properties. To improve the fiber-matrix interfacial adhesion, plasma gas treatments have been used [1] [2] [3] [4] . In oxygen and argon plasma gas treatments, this research were used to improve the IFSS in carbon fibers/ epoxy resin composites.
Materials
The carbon fibers used in this study were type AS4-3K (PAN-based) supplied by Hercules, Inc. The epoxy resin was DER331 (diglycidal ether of bisphenol A), and the curing agent DEH26 (tetraetylenepentamide). Those were supplied by Dow Chemical Co. Oxygen and argon gases were industrial grade, and obtained from a local supplier.
Plasma treatment
After the carbon fibers were wound on specially formed glass frames, the frames were placed in the plasma chamber. The fibers were treated in an rf-generated (13.56 MHz, 30W) inductivelycoupled gas plasma. The flow rate of the gas was kept constant, so that a working pressure of 100-200 mTorr was maintained.
Interfacial shear stress measurement
The micro bond test was used to evaluate the IFSS [5] . The microdroplets were applied on the plasma treated part of the fibers, and were cured at 100°C for 2 hours. All specimens were measured using a light microscope. Tests were performed at an crosshead speed of 2mmlmin using an Instron Model 1122.
Results
Oxygen and argon gas plasma treatments reduce the strength of carbon fibers. In the table below, the effects of the plasma treatments on fiber tensile strength are reported.
Tensile strength of the carbon fibers after gas plasma treatments. While argon does not seem to affect the surface, the surface of the carbon fiber is changed after the oxygen gas plasma treatment. In the SEM micrographs below, carbon fiber surfaces after the gas plasma treatment are shown, and compared with the untreated fiber.
Surface of untreated carbon fiber
Surface of argon treated ( Oxygen and argon gases plasma treatments decrease the strength of carbon fibers. SEM photomicrographs taken of fibers after argon treatment show no obvious change of the fiber surface. Oxygen plasma treatment causes severe etching of the carbon fiber surface and a resultant loss of fiber strength. After gas plasma treatments using oxygen and argon, the IFSS between carbon fibers and epoxy resin is increased. This increase is due to the enhanced mechanical and chemical bonding on the surface of fiber.
